Overview
Remote observing and the use of data obtained from mid-to large-scale astronomical surveys now accounts for a sizable portion of the data used for research in astronomy. This shift has enabled novel research activities and has democratized them to the extent of making large datasets available to anyone with an internet connection. As a side effect, fewer astronomers are being trained on the basics of telescope operation. The dangers associated with this reduced training include the risk that professional astronomers lose the ability to discern instrumental from astrophysical signals in their data. Additionally, there is a real risk that technical skills that were once associated with professional practitioners will be relegated to the realm of support staff and amateurs. This may result in the average population of professional astronomers possessing inferior technical skills in observing, and therefore less creativity and fewer insights in the pursuit of their research.
In this State of the Profession Consideration, we will discuss the state of hands-on observing within the profession, including: information about professional observing trends; student telescope training, beginning at the undergraduate and graduate levels, as a key to ensuring a base level of technical understanding among astronomers; the role that amateurs can take moving forward; the impact of telescope training on using survey data effectively; and the need for modest investments in new, standard instrumentation at mid-size aperture telescope facilities to ensure their usefulness for the next decade.
Recommendations:
• Professional observing facilities allocate funds to support travel for observers who wish to observe on-site, with favor shown to junior researchers (including students and early post-doctoral fellows)
• We encourage both university and national stakeholders (e.g., the National Science Foundation) to support the development of new campus observing facilities and the upgrade and maintenance of existing facilities
• Mid-size (2-to 5-meter class) national, state, and consortium facilities operating as traditional observatories be provided with funds to upgrade their standard instrumentation suite, to ensure their usefulness for the next decade
Modern Observational Astronomy
Large-area surveys of the sky and observing queues for space-and ground-based observatories are innovations made possible by computing power and the internet. Since the Infrared Astronomical Satellite (IRAS) came out with a full-sky map and fluxes for every detected source, we have increasingly depended upon such surveys, and now the great majority of astronomers use results from surveys as part of their normal practice. Surveys have allowed astronomers to study very large samples at once. This has been revolutionary, when one considers how difficult it was to obtain data before the advent of electronic detectors; in the mid-to late-twentieth century sample sizes of hundreds of objects were considered quite large, whereas thousands to hundreds of thousands of data points are more common today. The statistical results from these new, large surveys have greatly increased our understanding of things such as the mass-metallicity relation for galaxies (e.g., Tremonti et al. 2004 ), Baryon Acoustic Oscillations (e.g., Tojeiro et al. 2014 ) and stellar population studies (e.g., Gouliermis et al. 2006) . They have become so common that we accept as common language discussions concerning statistical likelihood of model fits to our large samples. And the growing use of Artifical Intelligence in the search for data-driven solutions that are of a statistical nature, are regularly used to conduct research.
The ready availability of big data means that trips to traditional telescopes to collect what are now considered small samples of data are becoming increasingly rare. Some facilities have shut their doors; others have been threatened with closure 1 ; still others have transitioned from traditional observing mode to survey 2 . And psychologically, this only seems to re-enforce the greater value of survey data, or the quick follow-up that is possible with queue observing, over traditional observing runs. And yet much important work in astronomy is being conducted traditionally, including: calculations of the primordial Helium abundance (e.g., Izotov A close look at the big data trend suggests that the astronomical community is at risk of losing something vital, however. Without visting telescopes to collect data, astronomers are one step removed from considering fundamental issues such as focus and image quality, signs of optical aberrations and how to mitigate their effects, the quality of the acquired flatfield images and whether superflats will need to be constructed, or the shape of the instrument profile in spectroscopy and whether it can reasonably be removed. Allowing computers to handle so many of the mundane aspects of practical observing such as those listed here sets the dangerous precedent of de-valuing the base knowledge that may not be in itself publishable.
Do we de-value the most fundamental knowledge about observing? It would seem not: staff astronomers at observing facilities are generally tasked with ensuring that the data product, beginning in the raw form and processed by whatever automatic data reduction and extraction pipeline has been created, is of the highest possible quality. For surveys, studies are performed to assess data quality and derive uncertainties in quoted results. These studies are done to provide the astronomical community with necessary information about the limits of the dataset and any appropriate caveats. It is up to members of the community who wish to use these data to read the appropriate documentation in order to educate themselves about these limitations.
But what about observers using survey and queue data products? How can we offer opportunities for them to gain the lower, more fundamental knowledge necessary to interpret their data? Out of respect for the scientific method, is it possible to question the validity of the automatic pipeline reduction without offending the staff astronomers who have worked diligently to create the data products we wish to use? The problem is that automatic pipelines risk serving as black boxes, about which little is known and no questions may be asked. And this level of trust is unscientific; since the people responsible for making the automatic pipelines are fallible, not every mistake can be caught by them. And since mistakes may lurk in the reduced data product, then it is possible (and has in fact happened) that observers could treat an instrumental signature for an astronomical one, or else, by doing the opposite and ignoring small details as spurious, lose valuable insight that is available to them, if only they knew how to look.
The Continued Need for Hands-on Observing Training
As described above, mere exposure to pipeline-reduced data products or data secured by queue observing does not suffice to teach observers about the importance of the lower-level fundamentals of their trade. We contend that the only real method available to deepen understanding about telescopes and telescope data is active participation in data collection, including trouble-shooting problems on-sky, and reducing one's own data according to the accepted methods. This presents a difficulty, in that trips to observing facilities are expensive, and funding is not always available as it once was to enable them. There is the additional consideration of how to be conscious about our carbon footprint. But we are here discussing the need for training, not that queue and remote observing should be done away with; in fact, queue and remote observing modes are excellent tools that allow us to be more environmentally conscientious.
Our first recommendation to foster telescope training is that observing facilities be allowed to allocate funds to support travel for observers who wish to observe on-site. This type of support is particularly important for junior researchers (from students to early post-doctoral fellows), who may be doing on-site training for the first time, or have a vested interest in securing data for their future careers.
Travel may be prohibitive for a number of reasons, and we therefore urge members of the community at colleges and universities to investigate avenues by which to support their own campus observatories. Studies have shown (Benn & Sánchez 2001 Trimble et al. 2005 ) that telescopes in the 1-meter class routinely produce cutting-edge data products, outperforming expectations based on studies comparing publication and citation rates vs. aperture size. This is clearly indicative of the great number of unsolved questions lurking among the bright and nearby in the sky. Campus observatories also have two practical advantages over larger, national facilities for the purposes of training, in that they are close to the students, and, by virtue of being relatively small, offer observers the opportunity to learn about their telescope, instruments, and environment in great detail. Put simply, campus observatories offer the single best way to teach future astronomers the fundamental observing practices, by providing ample time on sky, and room for making mistakes without using time at high-cost professional observatories.
We believe so strongly in the use of college and university observatories to train observers that we additionally recommend that national funds, perhaps through the National Science Foun-dation, be made available for the creation of new campus facilities and the refurbishment of existing, out-of-date ones. Something like a Minor Research Instrumentation Program would be a low-cost opportunity with the singular goals of increasing accessibility to observing facilities for students: it is possible to make an entire facility for something on the order to $250,000 or less (including telescope, mount, instrumentation, and software), and for purchases related to refurbishment (CCD cameras and commercial spectrographs) to total less than $25,000.
It is reasonable to question whether college and university observatories will, before or after being funded, be used in the absence of a willing professional astronomer to oversee it. We have learned from personal experience that interested members of a faculty with limited prior experience with telescopes can easily be trained starting at an amateur level, largely because of the amount of material available to amateur astronomers on the internet. When these resources are found wanting, as they will if interest continues, one often has colleagues elsewhere to call upon for assistance.
Furthermore, there are a number of projects already in existence that are perfect for college observatories to partake in, particularly when starting a new facility means that there is pressure to demonstrate its scientific usefulness. For exoplanets, the Kilo-Degree Extremely Little Telescope (KELT; Pepper et al. 2007 ) has developed the KELT Follow-Up Network, whereby small observatories can contribute to follow-up observations, to discern real exoplanet transits from eclipsing binaries or other phenomena. The Transiting Exoplanet Survey Satellite (TESS) has a similar pro- For mid-size (2-to 5-meter class) professional observatories, there is generally an issue that instrumentation is aging 7 . Funds may not be available to make replacements, or there may be a lack of interest in doing so, or else there may be a lack of vision in how this is to be done. We believe that professional observatories deserve to be furnished with a suite of up-to-date instrumentation, and recommend at least the following:
• a large-format CCD camera and associated suite of astronomical filters for photometry;
• a low-to mid-resolution spectrograph, in the optical and/or near-infrared; and
• a high-resolution spectrograph, at similar wavelengths.
We strongly recommend that mid-size (2-to 5-meter class) national, state, and consortium facilities operating as traditional observatories be provided with funds (federal, state, or private respectively) to update every facility to this minimum standard. This instrumentation is the most common for follow-up observations of transient events, and their standardized availability will not only make these telescopes useful for the next decade, but provide ample opportunity for collaboration between observers from different sites 8 . We realize that, with funding as tight as it is these days, it may seem redundant to produce the same suite of instruments at every mid-size observatory; when this is seen as impractical, it might be beneficial to promote time trades between facilities with different and complementary instruments. For telescope facilities with other specialities at their disposal besides those listed above, such as a Coudé feed, additional funding should be made available to update the appropriate instrumentation, if there is a demonstrable need for it from within the community.
In Conclusion
The prevalence of large surveys of data within the astronomical community risks conditioning us to rely too heavily on data products created by a small percentage of people within our community. This situation has endangered our ability to understand the true limitations of the datasets that we work with -a situation that can only be corrected by actively seeking opportunities to take part in the data collection process. To that end, we have made several recommendations:
1. Funds be made available to support travel to telescopes, especially in aid of junior-level research;
2. Funds be made available to support the refurbishment or creation of campus observatories to train students and create research opportunities; and 3. Mid-size facilities take steps to modernize their instrumentation in a standard way, and/or promote time trades to increase their user base
We additionally support ongoing efforts by members of faculties at colleges and universities to create local opportunities for their students.
Understanding that skills require upkeep, the ability of observational astronomers today to analyze their data requires that they be properly trained in the fundamentals of observing. This is what principally allows us as a community to continue to make progress in unveiling the secrets of the Universe.
